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Abstract 
In May 2013, the regular session of the 83rd Texas State Legislature passed House Bill (HB) 2204 
related to the establishment of a variable speed limits (VSL) pilot program by the Texas 
Transportation Commission.  The bill was signed into law by the governor in June 2013.  In December 
2013, the Texas Transportation Commission established Rule §25.27 of the Texas Administrative 
Code authorizing and requiring the Texas Department of Transportation (TxDOT) to implement a 
variable speed limit pilot program to “study the effectiveness of temporarily lowering prima facie 
speed limits to address inclement weather, congestion, road construction, or any other condition that 
affects the safe and orderly movement of traffic on a roadway.”  The goal of the pilot program was to 
deploy VSL in up to three locations to test the concept under three operational conditions and to 
determine the impacts of VSL on facility operations and safety.  The specific objectives of the pilot 
project evaluation were to determine how much congestion was reduced in the area impacted by the 
implementation of VSL, to understand the users’ perceptions of the VSL systems, to assess the safety 
impacts of VSL, and to determine the overall costs and benefits of VSLs.  TxDOT worked with the 
Texas A&M Transportation Institute (TTI) in selecting pilot project sites for the development, 
implementation, and evaluation of VSL.  The VSL systems were used for the purpose of controlling 
speeds at sites that have (a) construction work zones, (b) weather-related events, and (c) urban 
congestion.  This paper presents the overall approach to the development, implementation, and 
operation of the VSL pilot projects along with the analysis of the installations with respect to their 
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impact on congestion, safety, users’ perception, violations, and benefit-cost of the projects.  It also 
presents a number of lessons learned throughout the course of the pilot tests that provide beneficial 
insight into how to improve similar projects for permanent installations.  Based upon the limited data 
available for the VSL pilot project, it was determined that VSLs would be beneficial if implemented to 
address inclement weather, congestion or road construction.  VSLs had a safety benefit at each 
location and motorists had a clear understanding of the purpose of the VSLs.   
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1 Introduction 
Active traffic management (ATM) is the ability to dynamically and proactively manage recurrent 
and non-recurrent congestion on an entire facility based on real-time or pre-planned traffic conditions 
(1).  Focusing on trip reliability, ATM strategies maximize the effectiveness and efficiency of a 
facility while increasing throughput and enhancing safety.  ATM strategies rely on the use of 
integrated systems with new technology, including comprehensive sensor systems, real-time data 
collection and analysis, and automated dynamic deployment to optimize system performance quickly, 
and in some cases, without the delay that occurs when operators must deploy operational strategies 
manually.  A common ATM strategy that has been long-used in Europe and is gaining popularity in 
the United States is variable speed limits (VSL).  VSL involve the adjustment of speed limits based on 
real-time traffic, roadway, and/or weather conditions (2).  They can either be enforceable (regulatory) 
speed limits or recommended speed advisories, and they can be applied to an entire roadway segment 
or individual lanes.  These are also known as dynamic speed limits, variable advisory speeds, and 
speed harmonization.   
Overview of VSL 
 A recent review of domestic VSL deployments indicated that the strategy has been deployed at a 
minimum in Alabama, Arizona, Colorado, Delaware, Florida, Maine, Michigan, Missouri, Nevada, 
New Hampshire, New Jersey, New Mexico, Oregon, Pennsylvania, Tennessee, Texas, Utah, Virginia, 
Washington, and Wyoming (3).  Overall, VSL is one of the more predominant ATM strategies 
deployed to date in the U.S.  Experience has been positive overall, and these strategies demonstrate 
that reduction in congestion and improvement in travel time reliability can be achieved.  Additionally, 
some of these strategies are deployed in a work zone application to improve operations impacted by 
construction.   The potential benefits for VSL include a reduced difference between posted speed 
versus actual speed; reduced speed variability; reduced spatial extent of congestion; reduced temporal 
extent of congestion; reduced crash rates; and reduced crash severity.  Challenges with past domestic 
applications have been limited before-after studies and the tendency to deploy VSL along with other 
strategies, which can confound the impacts of the strategy.  
VSL came to light as an agency practice in a 2006 International Scan Report which first 
highlighted the potential for ATM to work to address congestion challenges in the U.S. (4).  This 
review of European best practices identified commonalities between Europe and the U.S. in terms of 
challenges and issues facing the countries.  These challenges included an increase in travel demand, a 
growth in congestion, a commitment to safety, and a shift in agency culture toward active management 
and system operation that focus on the customer, the willingness to use innovative strategies to 
address congestion, and the reality of limited resources to address all of these challenges (4).   
Among other places, VSL has been used at the entrances to tunnels along a tollway in Greece with 
success.  In Denmark, VSL was used to manage congestion during a major construction project, which 
helped contribute to maintaining safety during the project (4).  In the Netherlands, travelers are alerted 
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to congestion and queues by flashing lights and speed signs activated on variable speed limit signs, as 
seen in figure 33. This warning system, with lane control and speed limit signs generally every 500 m, 
was first deployed in 1981 and is also referred to as a motorway control and signaling system (MCSS).  
It is intended to help reduce the occurrence of secondary incidents caused by either recurrent or 
nonrecurrent congestion. It is deployed to indicate lane closures near incidents and work zones, and to 
provide queue tail warning and protection in known bottleneck locations.  Additionally, an Australian 
assessment of benefits of variable speed limits in European deployments identified a range of benefits, 
including safety, environmental, capacity, and traffic flow (5).    
Agencies in the U.S. that have deployed VSL in their regions have learned that a specific outreach 
strategy has to be in place to enable a clear understanding of the concept of variable speed limits by 
travelers.  In the absence of an outreach strategy, implementations are prone to resistance and negative 
feedback from travelers. Agencies like Utah DOT (UDOT) have publicized their VSL 
implementations widely in local media.  The distinction from enforceable and advisory speed limits is 
blurred by the enforcement approach.  Typically, the law enforcement personnel ticket drivers for 
driving too fast for the conditions rather than speeding when VSLs are around. Having law 
enforcement personnel make the case for VSL is critical, and a sustained media campaign on the role 
of the signs is beneficial to overall success and compliance (6).   
Project Overview 
The goal of the VSL pilot program implemented by TxDOT was to deploy VSL in up to three 
locations to test the concept under three operational conditions and to determine the strategy’s impacts 
on facility operations and safety.  The specific objectives of the evaluation were to determine how 
much congestion was reduced, to understand the users’ perceptions of the VSL systems, to assess 
safety impacts, and to determine the overall costs and benefits of VSLs.  This paper provides an 
overview and summary of the analysis of the VSL pilot program and the results of the evaluation. 
 Site Review 
TxDOT worked with the Texas A&M Transportation Institute (TTI) in selecting the sites for the 
pilot projects.  The VSL systems were to be used for the purpose of controlling speeds at sites that had 
the following:  (a) construction work zones, (b) weather-related events, and (c) urban congestion.  
Using a list of potential candidate sites provided by TxDOT along with other sites added for 
consideration, the team established the criteria for selection and gathered detailed information on each 
candidate site.  The short time frame for deployment and analysis precluded the project team from 
conducting a comprehensive systems engineering assessment for site selection.   
 
Urban Congestion Sites 
The purpose of using VSL in corridors with recurring congestion is to foster better uniformity in 
speeds, sustain stable traffic flow, and delay the onset of traffic flow breakdown.  VSL systems used 
in this application must include the ability to detect increases in traffic volumes.  The best candidates 
for this type of situation would have recurring congestion.  Initially, the team considered IH-10 in El 
Paso and US-290 in Houston as potential sites for the project.  After the kick-off meeting with 
TxDOT, it was decided that El Paso was too remote for the short duration of the project and ongoing 
construction on US-290 in Houston precluded its use for the urban congestion site.  Consequently, the 
research team selected potential sites in San Antonio that met the general criteria for an urban 
congestion installation.  Numerous sites offered sufficient ROW for sign installation and a 5-mile or 
longer segment that could benefit from the installation. 
 
Construction Work Zone Sites 
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The purpose of using VSL in work zones is to control speeds upstream of developing queues.  VSL 
systems used in this application must include the ability to detect queue development and propagation 
in order to reduce speeds upstream of the event.  The best candidate sites for this type of situation will 
have long-term lane closures which may result in periodic congestion when traffic volumes increase. 
The primary corridor of interest for this type of VSL implementation was the IH-35 corridor 
around Waco, TX.  For each of the candidate sites identified, recurring congestion as a function of the 
work zone was predictable.  Furthermore, the potential for lane closures within these segments 
presented an opportunity to work to meet the purpose of the VSL to control speeds upstream of 
developing queues within the work zone.  Additionally, TTI’s current involvement within the corridor 
provided a strong familiarity with the challenges of the corridor and ready access to the sites. 
Weather-Related Sites 
The purpose of using VSL in corridors with weather-related issues is to reduce the likelihood of 
incidents.  VSL systems used in this application must include the ability to detect fog, ice, rain, smoke, 
high wind, or other conditions that deteriorate driver visibility and vehicle control.  The best 
candidates for this type of situation would have above average crash rates and be known to experience 
weather events that contribute to these crashes.    
The sole candidate for this type of VSL implementation was I-20 east of Ranger, TX.  This area is 
known locally as “Ranger Hill.”  Ranger Hill is known to have a 6% grade, heavy truck traffic, limited 
right-of-way, and weather-related incidents related to fog, snow, rain, and ice.  A site visit was 
conducted by the research team on January 14-15, 2014.  The site visit was conducted with members 
of the TxDOT Traffic Operations Division (TRF).  Site visit activities included examination of the 
District LonestarTM software system, the infrastructure located at or near Ranger Hill, an investigation 
of the physical characteristics of the site and site approaches, and wide-ranging discussions related to 
anticipated deployment needs.  It was anticipated that the Ranger Hill deployment would be bi-
directional.  The following list provides a brief overview of the site visit findings. 
 
Physical Characteristics 
While the available right of way (ROW) within the hill area was severely constrained, the tangent 
lead-in for both the Eastbound (EB) and Westbound (WB) approaches were long and flat with no 
significant impediments to deployment of PCMS and/or other sensors required for the operation of the 
deployment.  The District had available communications and the commercial cell coverage in the area 
was excellent.  Infrastructure locations for mounting some equipment were available at the top, 
middle, and bottom of the hill. 
 
Operating Characteristics  
Operationally, the VSL deployment at this site was expected to be reactive to weather conditions 
such as wind, rain, ice and snow, and visibility issues such as fog, or smoke.  This site was expected to 
require significant coordination efforts between the research team, the work zone contractor, and 
district traffic operations. 
 
Support Characteristics 
District personnel were highly interested in the potential deployment and offered local examples of 
weather trigger events as well as participating in the discussions pertaining to locating infrastructure.  
The District communications and LonestarTM deployment were available for use to support this 
deployment.  The research team concurred with TxDOT that the Ranger Hill location had the potential 
of benefitting from VSL, particularly during weather events, and that the deployment was feasible 
given the above characteristics. 
Site Selection 
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Based on the information gathered in the initial stages of the project, local conditions, and 
established criteria, the following sites were chosen for the purposes of the pilot study program: 
 
• Urban Congestion Site:  Westbound (WB) State Loop (SL) 1604 between US 281 and IH-10, 
San Antonio—The site on SL 1604 in the San Antonio District experiences recurring 
congestion that can benefit from VSL with no planned construction during the pilot study 
timeframe.   
• Construction Work Zone Site:  IH-35 northbound (NB), MM 297 – MM 301, Temple—The 
construction work zone site on IH-35 in Temple has recurring congestion as a result of the 
work zone that was expected to generate queues that can be managed by VSL. 
• Weather-Related Site:  Eastbound (EB) and WB IH-20 at Ranger Hill—The Ranger Hill site 
on IH-20 in the Brownwood District offered the best opportunity to assess the impacts of 
VSL for a variety of weather-related events. 
A photo of the installation on SL 1604 in San Antonio is shown in Figure 1.  Those in Temple and 
Ranger Hill were similar in design and layout.  
 
 
 
Figure 1:  VSL sign installation, San Antonio 
A summary of the three locations, activation and deactivation dates of the VSL operation, and the 
dates for which data was analyzed for this report are provided in Table 1.  
 
VSL Site Direction / Facility 
Activation 
Date Deactivation Date Data Analysis Start Data Analysis End 
San Antonio WB SL 1604 June 30, 2014 December 31, 2014 June 30, 2014 December 31, 2014 
Temple NB IH-35 June 23, 2014 November 30, 2014 June 23, 2014 November 30, 2014 
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Ranger Hill WB IH-20 
EB IH-20 July 21, 2014 January 30, 2015 July 21, 2014 January 30, 2015 
Table 1:  VSL activation dates, and data analysis dates by location. 
Implementation 
The implementation of the VSL pilot projects provided a concept of operations and requirements 
for the development and deployment of VSL at the selected locations.  Project implementation 
included various components to ensure success, including the data needs, equipment needs, software 
modification needs, and integration requirements for successful deployment.  The sites for the VSL 
pilot studies, as noted previously, had a specific combination of VSL operational approaches that 
individually met the requirements of the legislative document while offering the project team the 
opportunity to analyze the impacts of VSL for the intended purposes.  In all cases, the VSL system 
developed and deployed issued an alert to the operator when a VSL needed to be initiated.  The 
operator then confirmed the alert to begin operating the signs in a VSL mode.  The following sections 
provide a brief overview of the specific aspects of the VSL implementation.  Appendix B provides 
additional details. 
Urban Congestion VSL 
The TxDOT pilot deployment also included a process for providing speed harmonization upstream 
of a known bottleneck location for the congestion-based VSL application.  The process was patterned 
after the approach used in Seattle by the Washington State Department of Transportation (WSDOT) to 
provide speed harmonization on I-405, SR 522, and I-90.  The goal of the TxDOT Congestion VSL 
was to gradually drop speeds of vehicles approaching a bottleneck location as congestion occurred in 
an attempt to:  1) delay (and possibly prevent) congestion from forming at the bottleneck, and 2) 
reduce the speed differential between congested and uncongested traffic flow at the back of the queue.  
The idea was to dynamically adjust the speeds limits upstream of the bottleneck as congestion formed 
and dissipated.  When no congestion was present in the corridor, the speed limit in each segment was 
set to the maximum speed.  However, as congestion began to form at the bottleneck, the speed limit at 
the bottleneck location became the controlling factor for speeds in the corridor, and all other speeds 
were adjusted so as to provide a gradual step down of speeds between the congested and uncongested 
sections of the freeway.  In concept, the stepping down of speeds upstream of a bottleneck allows 
drivers to gradually adjust their speeds as they approach the congestion, thereby reducing the potential 
for rear-end collisions due to drivers unexpectedly encountering the back of the congestion.   
 
Construction Work Zone VSL 
The purpose of the construction work zone VSL application is to display work zone speed limits 
within a specified work zone.  For many construction zones, TxDOT implements reduced speed zones 
to improve traveler and worker safety.  This work zone contained a lane closure, which sometimes 
created congestion.  During periods of congestion, the goal of the TxDOT construction-related VSL 
was to gradually drop speeds of vehicles approaching the lane closure in an attempt to (a) delay (and 
possibly prevent) congestion from forming at the lane closure, and (b) reduce the speed differential 
between congested and uncongested traffic flow at the back of the queue.   

Weather-Responsive VSL 
The weather-responsive VSL application uses a table look-up method to determine recommended 
safe travel speeds during inclement weather conditions.  The table look-up method uses visibility and 
pavement conditions to determine the cell in the table representing the prevailing conditions in the 
corridor.  Each cell in the table corresponds to a particular recommended travel speed for the 
prevailing conditions.  The cells in the table are bound by a minimum and maximum recommended 
travel speed.  The maximum recommended travel speed corresponds to the most favorable condition—
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high coefficients of friction with high visibility.  The minimum recommended travel speed 
corresponds to the least favorable condition—limited visibility with poor coefficients of friction. 
While multiple levels of visibility and pavement friction conditions are supported through this 
method, the pilot deployment consisted of only two visibility levels (defined by one visibility 
threshold) and three pavement surface conditions (defined by two coefficient of friction thresholds).  
For implementation, users needed to define the recommended maximum and minimum travel speeds 
for the specific corridor as well as the recommended travel speed for the different levels of visibility 
and pavement conditions.  Recommended speed levels needed to correspond to agency-defined 
recommended speed criteria for various visibility and pavement surface conditions.  As implemented, 
the algorithm used six recommended speed levels.   
Each district was responsible for determining the recommended safe travel speeds for each 
visibility and pavement surface condition depending on the equipment installed.  This approval was 
based on the contents of the implementation plan, the evaluation plan, and the software change 
documentation provided by the Southwest Research Institute® (SwRI®).  The weather-related VSL 
application was operational at all three pilot study sites, one with visibility and pavement friction 
sensors (Ranger Hill, Eastland County) and two with only pavement friction sensors (Temple and San 
Antonio).   
Field Display of VSL Speeds 
 The TxDOT Lonestar™ software was modified by SwRI® to contain new algorithms 
corresponding to the three VSL criteria.  The project team evaluated the algorithms simultaneously 
using all available input data, and the resulting output was the lowest prevailing speed condition 
warranted. 
Once the appropriate VSL speeds were determined by the algorithm, the field display of the signs 
was activated through the existing dynamic message sign (DMS) module.  In determining which signs 
to use to display the changes in speeds, the research team sought to minimize the step down between 
any two VSLs, subject to the following two constraints: 
• The maximum change between two signs could be no more than 15 mph.  
• The minimum change between two signs could not be less than 5 mph. 
 
Any triggered speed (St) was evaluated, and for the pilot project, the lowest generated speed for a VSL 
was used.  The general rules that were used to govern the speed displays were as follows: 
• Speed step downs needed to be between 5 and 15 mph, with 5 mph being the preferred step 
down.   
• Where a step down of greater than 15 mph was needed or there were an insufficient number 
of signs over which the speeds could be reduced following the rule above, then the speed that 
was displayed on the VSL needed to be higher than the recommended speed. 
• If a large drop in speed was required over multiple VSL, the largest drop in speed had to 
occur at the farther upstream speed.  For example, a drop in speed of 15 mph needed to be 
distributed over two signs, with the first sign displaying a drop of 10 mph and the second sign 
displaying a drop of 5 mph.   
• Speeds were NOT stepped up to normal speeds after a reduced speed.  Step ups in speed 
could occur between two low target speeds if there was a sufficient number of signs over 
which the speed changes could occur.   
Evaluation of Variable Speed Limit Pilot Projects for Texas DOT B. Kuhn et al.
682
  
2 VSL Activations 
As shown in Figure 2, San Antonio experienced the greatest number of system activations, while 
Ranger Hill experienced the fewest.  Overall, the system activated more frequently on Fridays than 
any other day of the week, particularly in San Antonio and Temple.  San Antonio activations routinely 
occurred in the morning and evening peak periods, while the Temple activations were routinely a 
result of congestion from a lane closure and/or work activity during heavy traffic conditions.  A 
relatively high number of activations also occurred on the weekends at these sites.  With respect to 
triggering events cited for activating the VSL, Ranger Hill had the majority of the VSL activations 
caused by weather events, primarily reductions in pavement friction caused by rain events.  In both 
San Antonio and Temple, the presence of congestion was the primary reason for activating the VSL 
system, although both locations also experienced activations due to weather events.  The combination 
of congestion and weather was cited as the triggering event once in both the Temple, and Ranger Hill 
deployments.   
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Figure 2:  Total percent VSL activations by deployment site 
3 Congestion 
The three sites were analyzed in terms of the impact of VSL on congestion.  For San Antonio, the 
team examined the impact of the VSL on average speeds at each sign location.  Speed data in the 
evening peak period were used in the analysis as it represents the time period when the VSL was most 
active at this deployment.  The analysis only examined data from Tuesdays and Thursdays as these 
days were determined to best represent typical weekday traffic.  Representative results are presented in 
Figure 3.   
These results indicate that when comparing the “With VSL” and “Without VSL” average speeds 
for Thursdays, average speeds from the “With VSL” in July showed a drop in average speeds across 
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all VSL sign locations, while the data from September showed an increase in average speeds.  A 
statistical analysis of the average speeds confirms that the results of the VSL system performance in 
the San Antonio corridor changed throughout the course of the study.  Performance in July generated 
statistically significant reductions in speeds with performance in September resulted in statistically 
significant increases in speeds.   
When analyzing the speed differentials (i.e., the difference between the travel speed and the posted 
speed limit) for San Antonio, at all VSL locations, measured average travel speeds are within + 10 
mph of the posted speed limit.  This suggests that the process of stepping down speed limits in 
advance of the congestion points does not create substantial speed differential between posted and 
actual speeds.  A statistical comparison of the average per lane flow rate with and without VSL active 
at the San Antonio deployment shows that average per lane flow rate remained relatively constant 
when the VSL was active compared to when the VSL was not active, suggesting that implementing 
VSL did not have a negative impact on vehicle throughput at this site and comparison of average 
speed is possible due to similar traffic conditions.   
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Figure 3:  Comparison of Thursday’s average speeds (mph) at each VSL sign location, San Antonio 
For Temple, the VSL system was most active on Fridays.  Analysis of speed data showed that 
average speeds at each of the sign locations had a tendency to be higher immediately following the 
initiation of VSL when compared to speeds late in the VSL operation (shown in Figure 4).  
Additionally, the average speed at each of the sign locations had a tendency to be higher in July and 
then declined in both August and September.  A statistical comparison of the average speeds measured 
at each sign location showed that average speeds were statistically higher during the two days 
evaluated in July at this location; while average speeds were statistically lower at all the stations in the 
last two days in September.  For those activations studied in August, average speeds where similar to 
the before conditions at each of the study locations.   
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An analysis of the average per lane flow rate at each sign location for the Temple deployment 
indicate that beginning with the activations in August, the average per lane flow rate had increased 
over that generated before the VSL was active.  These increases in average per lane flow rate were 
determined to be statistically significant at a 95 percentile confidence level.   
 
 
 
Figure 4:  Profile of Friday’s average speeds (mph) at each VSL sign location, Temple. 
Figure 5 shows a comparison of the average difference between the speed limit and the measured 
travel speeds at each of the sign locations (including the RSA sign).  As expected, the speed 
differential is greatest and continues to worsen as travelers traverse through the congestion when no 
VSL is active.  With the exception of the activations on 9/19 and 9/26, actual travel speeds and posted 
speeds are within 10 mph at each of the sign locations when VSL is active.  On 9/19 and 9/26, the 
difference between posted and measured speeds is greatest further upstream of the congestion point.  
This suggests that traffic is spilling back past the beginning of the VSL signs. 
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Figure 5:  Difference between posted and measures speeds at each VSL sign location, Temple.  
For Ranger Hill, the data showed that reduced speed limits were actually posted on signs in the 
field on only four days though there were more potential activations.  Three days that saw activations 
were for weather events (8/29; 9/12; 9/17), and one was a congestion event (8/7).   For the weather 
events, the VSL had very little impact with the VSL posted speed of 55 mph.  Average travel speeds 
were between 60 and 65 mph.  For the congestion event, the data suggests that an incident occurred 
where the freeway may have actually been blocked. 
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4 Safety 
TxDOT’s Crash Records Information System (CRIS) was used to analyze the safety of the study 
sites.  Approximately six months within the three years of Before data (2011, 2012, and 2013) and one 
year of After data (2014) start and end dates (shown in Table 1) were used in the analysis.  The crash 
frequency and crash rates are illustrated in Figure 6.  In general, crashes decreased except on SL 1604 
in San Antonio.   
 
 
 
 
Figure 6:  Crashes and crash rates for VSL sites, before and after activation. 
The crash severity is illustrated in Figure 7. In general, crash severity decreased after VSL with the 
exception of possible injury crashes. The Before and After crashes by “adverse” surface conditions are 
illustrated in Figure 8.  In general, the number of crashes with ‘adverse’ surface conditions (e.g. wet, 
ice, snow, muddy, etc.) decreased after VSL activation. 
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Figure 7:  Crash severity for VSL sites, before and after activation 
 
 
Figure 8:  Crashes by adverse surface conditions for VSL sites, before and after activation 
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No statistical significance test was completed given the short duration of the analysis period.  
Robust safety analyses involve multiple years of before and after data, and this analysis period was 
only a few months.  The project team recommends that future assessments utilize at least three years 
of after data for each site. 
5 Users’ Perceptions 
Users’ perceptions of the VSL project were a key factor in overall success.  To assess user 
understanding of the VSL sign systems, the project team conducted 300 in-person surveys during the 
VSL deployment period in the San Antonio and Ranger Hill, Eastland County at the Leon Valley 
Driver License Office and the Red Star Truck Terminal, respectively.  The survey consisted of two 
sets of questions aimed at assessing the respondents’ awareness and understanding of the VSL system, 
along with their opinions of the signs themselves.  The project team focused on questions that help 
ascertain public understanding of the VSL system.  The survey results (provided in Figure 9) showed 
that the majority of respondents understood that the signs displayed a legal, enforceable speed limit.  
In addition, most respondents at each location were aware of the reasons for activation of the VSL 
system, (i.e., primarily congestion in San Antonio and weather in Ranger Hill). 
 
 
Figure 9:  Users’ perception of VSL message 
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To determine the impacts of enforcement on VSL speed compliance, the project team performed 
an enforcement study at the VSL deployment in San Antonio.   The study consisted of a comparison of 
recorded speed data taken from an advance warning portable changeable message sign (PCMS) and 
the first VSL trailer (VSL#1) in the series.  In this upstream area, motorists often could not physically 
see any apparent need to reduce their speed, despite the “Reduced Speed Ahead” display on the 
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presented in Figure 10, indicate that the VSL system alone without enforcement had an impact on the 
percentage of time that average speeds exceed specific speed thresholds, more at higher speeds than at 
lower speeds.   When a patrol officer was present, the impact increased, most likely because motorists 
perceived a need to slow down, albeit to avoid the penalty of receiving a speeding ticket.  Thus, VSL 
compliance increases in the presence of law enforcement. 
 
 
Figure 10:  Impacts of VSL on average speeds, with and without enforcement 
7 Benefit-Cost 
The project team conducted a high-level benefit-cost (B/C) analysis on potential VSL deployments 
in Texas as part of this project using a tool developed by Federal Highway Administration (FHWA) 
for planning-related analyses of operational strategies (7).  Each individual deployment was analyzed 
separately assuming the VSL installation would be a full permanent installation.  Included in the 
analysis is the value of capital equipment (basic infrastructure equipment and incremental deployment 
equipment) and operational and maintenance costs annualized over a 20-25 year useful life of the 
equipment (based on the FHWA tool). The potential B/C ratios are shown in Table 2.  The benefits 
predicted in these deployments are based on a 7% reduction in crashes as recommended in the FHWA 
tool for VSL applications.   
 
Deployment Site Annual Benefits Annual Costs* Net Benefit B/C Ratio 
San Antonio $2,112,983 $300,370 $1,812,613 7.03 
Temple $2,358,976 $238,075 $2,120,901 9.91 
Ranger Hill $4,216,950 $300,370 $3,916,580 14.04 
*Assumes full permanent installation 
 
Table 2:  Benefit-cost estimate 
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8 Lessons Learned & Final Remarks 
In summary, the primary lessons learned from the pilot tests were as follows:   

1. Use permanent equipment preferably mounted over the travel lanes. Temporary equipment 
was not suitable for long-term operations. 
2. A wider separation of the sensors and signs would be necessary for permanent installations. 
3. Utilize a more comprehensive and rigorous site selection process that incorporates pertinent 
information beyond the need for VSL and basic field layout information.  This includes 
longitudinal and horizontal spacing considerations in addition to a thorough understanding of 
how traffic operates with respect to ingress/egress locations along the variable speed corridor.  
Understanding the existing speed profile on any proposed corridors and significant data 
collection before implementation is highly recommended. 
4. The operational situation planning needs to be enhanced to account for more failure 
conditions in both equipment and communications.  With additional time and consideration 
on potential failure conditions, the algorithm can be enhanced to address these issues and 
increase the public confidence in the messages posted by ensuring that they are correct and 
consistent.   
5. Additional efforts to improve the overall algorithm are warranted, with multiple avenues 
being identified to enhance future operations, such as adjustments to sensor inputs, analysis, 
and spacing. 
6. Consideration needs to be given to real-time data exchange to other agencies, such as the 
Department of Public Safety.  
7. Significant and on-going public outreach is necessary to assist drivers in both understanding 
and complying with variable speed limits. 
Based upon the limited data available for the VSL pilot project, the project team noted that VSLs 
would be beneficial if implemented to address inclement weather, congestion or road construction.  
VSLs had a safety benefit at each location and motorists had a clear understanding of the purpose of 
the VSLs.  Therefore, it is recommended to allow the operation of VSLs in Texas.   Additional 
research that would benefit the overall understanding of VSL could include a longer deployment and 
analysis timeframe, a broader assessment of the impact of law enforcement (active vs. passive), an 
assessment of the impact of existing static signing, the impact of public information and outreach, and 
long-term assessment of driver awareness and compliance. 
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